Abstract--In the search for new applications of natural silicates, various F-treatments have been applied to sepiolite to increase its acidic properties and for use as a catalyst in reactions occurring via carbonium ions. Two types of treatments including hydrofluoric acid (HF) at different concentrations and 2 N NH4F have been utilized and the physicochemical characteristics of the resulting materials studied using standard techniques. The X-ray diffractogram (XRD) patterns indicate a decrease in crystallinity of the original material as well as the appearance of amorphous silica. SEM micrographs showed a shortening and aggregation of the sepiolitic fibers. X-ray photoelectron spectroscopy (XPS), Fourier transform infrared (FTIR), thermogravimetric analysis/differential thermal analysis (TGA/DTA), N2 adsorption-desorption isotherms aild Hg intrusion were used to study the changes occurring in the structure, surface area and pore distribotion of samples and acidity was evaluated by IR and thermoprogrammed desorption (TPD) of adsorbed ammonia and pyridine. It was found that acidity increased in most of the samples after anionic and cationic interchange between the activating agents and the surface sites, or extralattice cations. Additionally, structural changes induced by treatments modified the BrOnsted and Lewis acidity. Mild treatments with ammonium fluoride are more effective than HF treatments in acidity generation.
INTRODUCTION
Clay minerals have many applications related to adsorption and catalysis; in particular, the latter makes use of the acidic-basic properties of the clay mineral surface, as well as the morphology of the mineral to catalyze carbonium ion reactions.
Sepiolite is among the less-studied clays in the context of catalysis, but its large surface area, crystalline structure, porosity and surface acidity may lead to a wide range of applications, especially if activation treatment is able to increase the number and strength of its surface acidic sites. These observations suggest that the mineral deserves more thorough and detailed study, particularly with regard to its modification and potential for application in carbonium ion reactions.
The structure of sepiolite generates permanent microporosity, 10.6 by 3.7 A in cross-sectional area, and also leads to a fiberlike morphology with an open structure made up of cylindrical pores. Mean fiber length, depending on the deposit, ranges between 0.2 and 2 ixm in size. Surface area, which may reach 800 m 2 g 1, also depends on the deposit and the history of the mineral, but generally ranges between 120-350 m 2 g J. Sepiolite is a cheap, very abundant material currently used as an adsorbent and catalyst or catalyst support, its surface reactivity stemming from surface sites of various types (Theng 1974; Serratosa 1979; Ru/z-Hitzky and Casal 1985; Campelo et al. 1989) . There are many publications which describe the modification of sepiolite by acid treatment, using H2SO4 (Campelo et al. 1989) , HNO 3 (L6pez-Gonz~ilez et al. 1981) or HC1 (Abdul-Latif and Weaver 1969; Fern~_ndez Alvarez 1972; Gonz~ilez et al. 1984; Corma et al. 1986 ). Depending on the duration and intensity of the treatment, the reported results of the acid attack are protonization of exchangeable cations and edge Mg 2 § followed by dissolution of the brucitic octahedral sheet with release of Mg 2+ cations and creation of silanol groups from the broken surface siloxane groups (Barrios-Neira et al. 1974) . With stronger treatment, the presence of free silica has been reported (Fena~_ndez Alvarez 1972) .
As far as we know, no study has been reported in which HF is used as the activating agent for sepiolite. In contrast, the insertion of F-into the montmorillonite structure has been widely studied. Several authors have reported on the changes in structure and catalytic properties of montmorillonite after activation by solutions of HE KE NH4F (Briickman et al. 1976 ) and NH4HF2 (Fijat et al. 1985) . In general, these investigators observed that activation results in an increase in the number of acid centers and, consequently, the application of the material to acid catalysis is facilitated. The changes caused by fluorination are also accompanied by an increase in surface area and porosity, mainly in the meso-and rnacropore range. Treatment of sepiolite with F could likewise result in changes in the texture and the number and strength of the surface acidic sites after substitution, through anionic exchange, of surface -OH groups by the more electro-negative anion F- (Gerberich et al. 1966; O'Reily 1966; Matulewicz et al. 1980; Barthomeuf 1985) and subsequent protonization of vicinal OH s. Ammonium fluoride has also been used to introduce additional acidity to various samples (Matulewicz et al. 1980 , Urabe et al. 1988 ) by anionic and/or cationic interchange with surface -OH or with the exchangeable cations in the sample, giving rise after thermal treatment to protonic acidity by NH 3 evolution. For this reason, 2 N NH4F and different concentrations of HF were used in this work as activating agents for sepiolite and their effects on the structure, surface area and pore distribution of the treated material were studied.
EXPERIMENTAL

Material
Material supplied by Tolsa from the Vallecas-Vicfilvaro deposit consisting of 95% sepiolite, 263 m e g-J surface area and 1.34 cc g-~ pore volume, in mesoand macropores, was used for this work. Prior to its use, the secondary minerals (5%), primarily detrital
The samples, prior to morphological and chemical analysis, were coated by sputtering in a Polaron E 500 unit with vaporized Au and C, respectively. The XRD patterns were recorded by a DRON-2 diffractometer using CuKct radiation with h = 1.5418 A and a Ni filter.
Thermal analyses (TGA and DTA) were performed using Perkin-Elmer equipment consisting of a TGS-2 microbalance, a DTA 1700 differential thermal analyzer, a temperature controller system 7/4 and a DS-3600 data station. The heating rate was maintained at 10 ~ rain i in a flowing air atmosphere of 80 cc rain 1.
The apparatus used for study and identification of surface groups before and after exposure to ammonia and pyridine was a NICOLET FTIR spectrometer model 5ZDX. The evolution of acidity with temperature on previously treated samples, 1 h at 400 ~ (ammonia) and 200 ~ (pyridine), respectively, was studied at room temperature after 1 h stepwise heating of the samples at 25, 100, 170, 270, and 450 ~ respecquartz, were separated from the original material. The activation of sepiolite was accomplished using the following procedure: 1) Hydrofluoric acid solutions at concentrations of 0.1, 0.5 and 1 N were prepared and kept in contact with the sepiolite sample in a 1:100 solid/liquid ratio at room temperature for 1 h. The treated samples were washed with distilled water, dried at 105 ~ and stored in a desiccator. Three modified sepiolites were obtained, hereafter identified as SF01, SF05 and SF1, respectively.
2) Sepiolite was added to 2 N NH4F solutions in a 1:100 solid/liquid ratio and maintained at a temperature of 60 ~ for treatment times of 1, 5 and 10 h, respectively, with continuous stirring. The samples were subsequently washed with distilled water, dried at 105 ~ and stored in a desiccator. The resulting modified samples were labeled SNI, SN5 and SN10, respectively.
3) After careful characterization, the most promising samples were subjected to thermal treatment at 550 ~ for2 h.
Experimental Techniques
An ISI DS-130 scanning electron microscope (SEM) was used to perform the morphological study of the samples. Coupled to it was an Si/Li detector and a Kevex 8000-II processor with a Be window of 7 ixm thickness for energy dispersive X-ray (EDX) analysis of the elements with an atomic number higher than that of Na. The accelerating voltage was 20 keV. 12 kV and 10 mA, was used for analysis of the chemical state of the surface through XPS. The residual pressure within the analysis chamber was less than 1.10 -8 ton'; the C]~ peak at 284.6 eV was taken as reference for determination of the binding energies.
The surface area and pore size distribution of the samples was determined in 2 ways: 1) N: adsorptiondesorption at -197 ~ on previously degassed samples at RT and 10 -4 torr pressure for BET surface area and meso-micropore distribution, and 2) Hg intrusion for macropore analysis. The equipment consisted of ASAP 2000 and a Poresizer 9310, both from Micromeritics. The pore size distribution of the samples was calculated in accordance with the BJH method (Barrett et al. 1951) for N: adsorption-desorption data and the Washburn equation (Washburn 1921) for Hg intrusion data.
Residual acidity was estimated through ammonia adsorption using a conventional glass apparatus. The samples previously treated at 400 ~ for 1 h were submitted to 48-50 ton" of NH 3 for 15 min at RT. Subsequent thermoprogrammed desorption (TPD) experiments were carried out by heating at 10 ~ min 1 in the 25-450 ~ range.
RESULTS
Chemical and Mineralogical Composition
The results of the chemical analyses made by EDX are summarized in Table 1 . In spite of the limitations of the technique, it can be deduced that the chemical treatment caused a progressive dissolution of the octahedral sheet of sepiolite with release of Mg 2+, and corresponding increase in the SiO2/]VIgO ratio of the treated samples. The SN1 sample is an exception to this trend. Figure 1 shows the X-ray diffractograms of the natural and modified samples. The starting material consists primarily of pure sepiolite; only the 3.04-A reflection may be assigned to calcite present as accompanying material. The modified samples display the characteristic sepiolite reflections indicating that the sepiolite structure persists after the treatment. In the SN series, a broadening of the characteristic sepiolite peaks, as well as a decrease in their intensities, indicate a decrease in crystallinity with respect to the original sample. However, there is no clear indication that this loss of crystallinity increases with extension of the treatment. With respect to the SF samples, an amorphous component is indicated by wide band between 10 and 18 ~ and this is attributed to amorphous silica. After heating at 550 ~ the SF samples lost the most intense sepiolite reflection d(110), which persists in the SN5 and SN10 samples after heating.
Morphology
The modified samples were examined by SEM and representative micrographs are shown in Figure 2 . Although the fibrous morphology of the particles was preserved, a more randomly oriented structure resulting from breaking of the fiber bundles is observed in both HF-and NH4F-treated samples. A distinctive breaking of the primary particles, further aggregation to form thicker bundles, can also be seen in the SN1 and SF05 micrographs. Apparently, the shortening and aggregation of the fibers increases with the strength of the acid. An average length of 2 p~m was calculated for natural sepiolite fibers and this value decreases to about 1 txm in the SF05 and SFI samples. Fiber bundles have widths ranging from 150 to 750 nm from SF01, from 150 to 400 nm for SF05 and from 200 to 990 nm for SF1. Thus, the length/width ratio of the fibers in the treated samples is less than that of the original material. Finally, thermal treatment causes a general disorder of the fibers by separating and apparently shortening them (SF05-500 micrograph). Thermal Properties Table 2 summarizes the temperature intervals and the weight losses corresponding to the different dehydration and dehydroxylation stages for each of the samples. A displacement of the DTG peaks to lower temperatures is observed for zeolitic and coordinated water in the SF samples as well as a general decrease in peak intensity for the activated samples with respect to the original material ( Figure 3 ). The DTA patterns show that the low-temperature endothermic peak, corresponding in sepiolite to physisorbed and zeolitic water, is more intense than in the treated samples. Also, the second and third endothermic peaks decrease in intensity in the treated samples compared to the original material. Finally, the endo-exothennic peak characteristic of sepiolite at around 800 ~ is less visible in the treated samples, and almost disappears in the SN series.
/.ol
Surface Area and Pore Size Analysis
Representative N2 adsorption-desorption isotherms are shown in Figure 4 . The isotherms are type IV according to the BDDT classification and exhibit a H 1 + H 3 type of hysteresis loop corresponding to slit-shaped porosity among particles with inner open cylindrical pores (Sing et al. 1985) . Apparently, the activated sepiolite maintains its acicular morphology during the treatments. The absence of saturation at high relative pressures reveals the presence of macropores.
The results in Table 3a show that treatment with HF does not result in as large a variation in the sample surface area and total pore volume as treatment with NH4E As micro-and mesoporosity do not change appreciably after treatments of both types of samples, the reduction in pore volume found for SN samples may be attributed to changes in macropores. These changes can be detected by Hg intrusion data, an example of which is given in Figure 5 . There is a trimodal distribution of pores in all samples, whose frequency varies with the treatment. The maximum in pore volume arises mainly from pores in the 6-200 p.m size range in all samples, increasing with the intensity of the treatments, except the final SF1 and SN10 treatments. Since this part of the poregram is usually ascribed to interparticulate voids, an effective increase in the corresponding particle size, perhaps by destruction and reaggregation of the fibers as suggested by SEM, may be indicated. In contrast, pores in the 0.4 to 6 txm size range decrease, while those in the 0.06 to 0.4 Ixm range increase slightly with the treatments. All samples exhibited a sharp reduction in surface area after thermal treatment, up to 50% compared to that of the parent material (see Table 3b ). An increase in the amount of large pores was also observed in the samples following thermal treatment.
Clays and Clay Minerals
Structure
The character of surface groups of the samples was studied by IR and XPS. IR spectra (Figure 6) show that the treated material generally retained the characteristic spectrum of the original sepiolite with some variations in the intensity and wavenumber of the bands: thus, there is a reduction in the intensity of the Radius, ~. .,400 . O0
Wavenumber, cm -1 Figure 6 . IR spectra of natural (S) and treated samples (SN and SF series). Tables 4a and 4b summarize the results obtained by XPS. There are no variations in the bonding energies of Si and Mg in both fresh and treated samples, which indicates that they maintain their environment throughout the treatment. However, F ls in the SN series shows a higher BE on SN1 and a lower one on SN5 and SN10 compared to the SF series. Furthermore, the BE of Ca 2p is slightly higher in the SF sample than in the natural and SN samples.
The surface atomic ratios F/Si and N/Si are indicative of the incorporation of F and NH4 + ions into the mineral structure, probably by ionic substitution of the most superficial OH-groups by F-and of the octahedral or exchangeable cations by NH4 + (Table 4b ).
Acidity
The acidity of the samples was studied by TPD of ammonia. Table 5 shows the amount of adsorbed ammonia after 15 min exposure. A sharp increase in the number of acid sites per square meter on samples SF01 and SN1 is visible, whereas samples SF1 and SN5 remain unaffected, and samples SF05 and SN10 have an intermediate position.
The TPD curves (Figure 7) show at least 3 types of acid centers corresponding to desorption at 100, 170 and 270 ~ respectively. The number and acid strength of these centers varies with the applied treatment, those at 100 and 170 ~ being very weak. A fourth type is also seen in samples SF01, SF1, SN1 and SN10, associated with a broad peak around 410 ~ although it is difficult to be certain. Figure 8 shows, at each temperature, the normalized number of acid centers (taken as peak height) in the activated samples with respect to natural sepiolite. From this representation it may be deduced that both treatments increase the number of weak acid centers and decrease the number of mild-strong ones in all samples, except sample SN1. As a consequence, only the milder treatments, with 0.1 HF and 1 h 2 N NH4E provide the samples with the intended increase in strong acidity.
The nature of acid centers (Br6nsted-Lewis) present in the SF samples as well as the changes produced therein as a result of the treatment, were studied by IR spectroscopy of adsorbed ammonia: 2 new peaks appeared in their spectra at 3295 cm ~ corresponding to NH4 + bonded to Br6nsted centers and 3375 cm -~ corresponding to NH 3 bonded to Lewis centers. Under thermal treatment, all samples, except SF05, retained the band at 3375 cm-' up to 450 ~ whereas that at 3295 cm 1 disappeared at 170 ~ on SF05, at 270 ~ on SFI and was retained up to 450 ~ in the SF01 sample. These findings point to the presence of strong acid sites of both Br6nsted and Lewis type on SF01 and, to a lesser extent, on SF05 and SF1 samples. After RT adsorption of pyridine, the resulting IR spectra of SN samples (Figure 9 ) revealed the appearance of bands at 1613, 1574 and 1443.8 cm 1, characteristic of pyridine adsorbed on Lewis centers: a weak band at 1545 and a shoulder at 1590 cm -~ which appear to be unstable above 100 ~ due to the adsorption of pyridine on Br6nsted acid sites. Bands at 1393 and 1490.9 cm 1 reflect both Lewis and Br6nsted acidity. Thus, both types of acidity are present on the samples, remaining more or less unchanged up to 450 ~
DISCUSSION
The results of these experiments show that chemical treatment causes a partial dissolution of the octahedral sheet with release of octahedral Mg 2+ and amorphous silica formation. This has been observed previously in sepiolite treated with other acids and it also occurs in montmorillonite (Mendioroz et al. 1987 ) and palygorskite (Gonzalez et al. 1989 ). The resulting free silica ultimately polymerizes, depending on the pH of the solution and the saline effect of the previously extracted cations (from the octahedral sheet as well as from the impurities accompanying the sample), and is deposited on the sample, coating it and eventually impeding further attack. In the treated samples, the SIO2/ MgO ratio follows the sequence: SF05 > SF01 > SN10 > SF1 > SN5 > SN1 > S from which it can be inferred that the above-mentioned effect is more pronounced on acid-treated samples than on those treated with ammonium fluoride. However, quantifying the proportion of Mg and Si in the activated samples is problematical because chemical analyses were made by EDX. This means that the layer analyzed was no more than 2 Ixm thick, and as the intensity of the Mg peak was very weak, the data shown in Table 1 may be relative rather than absolute values. Nevertheless, the results are consistent with those obtained by XRD showing evidence of a clear amorphization of the structure in the SF series, whereas sepiolite in the SN series is almost unaltered.
The amorphization is attributed to the presence of amorphous silica, generated as a consequence of the partial leaching of the octahedral sheet and subsequent reorganization of the tetrahedra of the original material. With progressive acid attack, the crystallinity of the samples decreased, as can be seen from the de- The presence of amorphous silica in the activated samples is also supported by the smaller weight losses with respect to natural sepiolite, recorded by TGA in the 240-425 ~ range corresponding to the reduced amounts of crystallization water. The changes shown in the IR spectra ( Figure 6 ) are again consistent with the formation of amorphous silica and show a reduction of the bands attributed to sepiolite and the increase in those corresponding to Si-O bond vibrations.
The appearance in the DTG curves of the SN series of a new peak at a lower temperature may be attributed to the partial substitution of edge Mg 2+ ions by NH4 + and subsequent ammonia evolution during progressive heating. This partial disappearance of Mg 2+ ions is corroborated by the loss in intensity of the exotherm component in the endo-exothermic peak around 800 ~ in DTA. With respect to the SF samples, the peak appearing in the DTG curves in the 430-630 ~ range must be ascribed to additional water loss caused by migrating protons inside the clay structure with subsequent interaction with -OH groups within the octahedral sheet (Fripiat 1988) .
The surface area and pore size distribution of the samples after activation should represent a combination of features corresponding to un-or partially attacked sepiolite and to amorphous silica resulting from the treatment. No significant difference is shown, however, with respect to the original material in the N2 adsorption isotherms and the type of hysteresis loop involved, suggesting that the silica resulting from the treatment preserves the original texture of the sample. In contrast, surface area shows a significant decay in the SN series which may be related to the clogging of the mouths of the meso-and micropores by the generated silica. When the activated samples are submitted to thermal treatment, there are important changes in surface area. It is known that natural sepiolite undergoes "crystal folding" above 350 ~ (Preisinger 1963; Nagata et al. 1974; Prost 1976; Serna et al. 1976; Serna and Van Scoyoc 1978; Folgado 1983) , reducing surface area to half its original value. A similar behavior might be anticipated from the treated samples if sepiolite remained unaltered, but the loss in surface area of the activated samples induced by heating (Table 3) is much lower than expected. This is consistent with the presence of a component other than sepiolite as a consequence of the transformation brought about by the activation treatment. It is suggested that amorphous silica may act as a cement between the sepiolite fibers inhibiting their folding at a microscopic level and generating larger pores as a consequence of fiber disaggregation.
XPS reveals the presence of F and NH4 + arising from ionic substitution on the surface of all samples. The degree of substitution differs according to the treatment and is more pronounced during the earlier stages of the attack. In general, NH4F treatments are much more effective in incorporating E probably because the acid completely dissolves part of the sepiolite which is washed out after the activation treatment. In contrast, the action of NH4 + is merely of ionic interchange, the degree of degradation of the sample being very low. The reported F/N ratios in SN samples indicate that NH4 + incorporation is much less effective than F-incorporation, except for the SN1 sample where the F/N ratio is around 1. This probably results from a larger number of available OH than Mg 2 § ions in sepiolite (or free silica) once the degradation and dissolution of the octahedral sheet has begun after the first stage of the treatment. In addition, the high vacuum (10 -8 torr) to which the samples are subjected, prior to their analysis by XPS, can result in ammonia evolution from the NH4 + ions incorporated on the surface, giving values for surface N smaller than the actual ones. The high value of the BE for F ls is on SN1 denotes the strong ionic character of the Si-F bond revealing the substitution of F-by OH . Moreover, the technique revealed the presence of Ca 2+ ions on all samples, with higher bonding energies on SF than on natural and ammonium-treated samples. This is ascribed to the precipitation of CaF 2 or insoluble mixed fluorides (Brtickman et al. 1976 ) after dissolution of calcite by HE With regard to acidity, the number of acid sites per square meter increases with treatment in all samples, except for sample SN5, but the acid strength barely changes (Figure 8 ). It has long been known that sepiolite has negligible acidity (H0 --> +4) (Rich 1960; Dandy and Nadiye-Tabbiruka 1982; Rey-Bueno et al. 1985; Villafranca-S~inchez et al. 1987) , mostly of the Lewis type, associated with exchangeable cations and surface defects (Campelo et al. 1989; Corma and P6rez-Pariente 1987) . It is thought that the breaking of the fibers after activation treatment results in an increase in the number of weak acid sites.
There are 3 sources from which protonic acidity can be created in the activated samples. The first is connected with the asymmetry of the water molecules coordinated to exchangeable or edge cations (Farmer and Mortland 1966; Serna et al. 1976; Serna and Van Scoyoc 1978) . When the sepiolite samples undergo "folding" at temperatures above 350 ~ half the water coordinated to the edge cation of the octahedral sheet is lost and the remaining water is easily protonized by displacement of a hydrogen towards the oxygen of the Si-O-Si groups of the tetrahedral sheet. After exposure to ammonia or pyridine, the corresponding deformed ion, ammonium or pyridinium, is formed (Blanco et al. 1988) . Since all the samples were submitted to thermal treatment at about 400 ~ prior to exposure to ammonia, an increase in the number of mild acid sites by the treatment, should be expected. However, the lower polarizability of water bound to H § in H-sepiolite, instead of Mg 2+ (following the Ze/R 2 rule), must decrease the number of mild acid sites except for SN1. Once the coordinated water is lost, NH 3 is retained only by exposed cations or surface defects through their Lewis acidity, the effect being smaller as the fluorine content in the sample increases (Corma et al. 1985) . Such is the case for samples SN5 and SN10. The second source of protonic acidity involves the evolution of NH3 from NH4 + during thermal treatment with subsequent protonization of the sample giving rise to strong acidity, such as in SN1. The third source involves F after fluorination. The acidity of the silanols is very weak, but the presence of vicinal F-must enhance their acid strength, giving rise to Br6nsted acid sites detectable through NH3 adsorption. These sites are related essentially to the number of silanols susceptible to exchange and they reach a level that varies with the sample and the intensity of the treatment. After fluorination, hydroxyls of strong acidity should be created, which seems to occur on samples SF01 and SN1.
In this study, the expected strong acidity increased only for samples SF01 and SN1. The other activation treatments were much too strong and degradation of sepiolite occurred, especially when the activating agent was HE The computed high F-content is due either to its incorporation by the newly formed amorphous silica or to precipitation with the cations present in the solution arising from leaching of sepiolite and/ or partial dissolution of the remaining impurities.
CONCLUSIONS REFERENCES
The treatment of sepiolite with fluorine compounds leads to changes in the morphological-structural-textural characteristics as well as in the acid properties of the samples, which are expected to affect their catalytic activity. The nature of the modifications depends on the treating agent and on the duration of the treatment, concentration and temperature. Mild NH4F treatments are more effective than HF treatments in the generation of acidity. Both treatments cause cationic (H +, NH4 +) as well as anionic (F) surface exchange but also a partial dissolution of the octahedral sheet with release of octahedral Mg 2+ and formation of amorphous silica. These latter effects are less after NH4F treatment than after HF treatment.
The balance between both effects, ionic substitution and silica phase formation, should be taken into account in explaining the differences in the morphology, structure and texture that determine the distribution and strength of the various acid sites found in the treated samples. Thus, the elimination or creation of Br6nsted and Lewis acid centers is related to the structural changes introduced in the original sample by the treatments performed. Strong treatments result in formation of silica covering the unaffected sepiolite structure which prevents the continuation of structural damage. Therefore, the sample properties reflect a combined effect corresponding to un-or partially attacked sepiolite and to amorphous silica. The total acidity of the samples is affected by the amount of amorphous silica formed and as a consequence the number of weak acid sites.
Anionic (F-) exchange results in an enhancement of the acid strength up to a certain point, but beyond this, further F incorporation is not reflected in a corresponding increase in acidity. Cationic (NH4 +) exchange affects the coordinated water polarizability, thus decreasing the mild Br6nsted acidity of all samples. Furthermore, after thermal treatment, a protonization of the samples is produced after NH 3 evolution, which results in an increase in the acid strength of the samples.
Finally, when activating sepiolite with fluorides, only the use of mild treatments (low concentration of acid or short term exposures to ammonium fluoride) is recommended for F-or NH4 + incorporation into the samples. 
